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Single crystals of NbGe2 which crystallize in a noncentrosymmetric hexagonal structure with
chirality are synthesized and their superconductivity is investigated. Type-I superconductivity is
confirmed by dc magnetization, field-induced second-to first-order phase transition in specific heat,
and a small Ginzburg-Landau parameter κGL = 0.12. The isothermal magnetization measurements
show that there is a crossover from type-I to type-II/1 superconductivity with decreasing temper-
ature and an unusually enhanced surface superconducting critical field (Hc3) is discovered. The
band structure calculations indicate the presence of Kramer-Weyl nodes near the Fermi level. These
observations demonstrate that NbGe2 is an interesting and rare example involving the possible
interplay of type-I superconductivity, noncentrosymmetric structure and topological properties.
I. INTRODUCTION
Superconductors with noncentrosymmetric structure
(NCS) have stimulated intensive research attention due
to theoretically proposed possible unconventional pairing
states[1][2]. In noncentrosymmetric crystal structures,
the antisymmetric spin-orbit coupling (ASOC) splits the
Fermi surface due to the electric field gradient in the
crystal with broken inversion symmetry. Cooper pairs
that originally belong to the same Fermi surface would
be separated into two different Fermi surfaces. Large
enough ASOC could have a significant effect on the super-
conducting state, leading to an admixture of spin-singlet
and spin-triplet pairing states[1]. Such an admixture of
pairing states usually leads to unique superconducting
properties. For example, the heavy fermion supercon-
ductor CePt3Si with a noncentrosymmetric structure has
an upper critical field beyond the Pauli limit[3], and line
nodes are found in the superconducting gap structure of
Li2Pt3B[4]. Furthermore, topological superconductivity
is proposed in several noncentrosymmetric compounds
such as PbTaSe2[5], BiPd[6], and YPtBi[7].
Meanwhile, according to the Ginzburg-Landau (GL)
parameters κGL, superconductors can be categorized as
type I with κGL < 1/
√
2, and type II with κGL > 1/
√
2.
However, when κGL is close to 1/
√
2, there will be a
state between type I and type II, which is called type
II/1. In the type-II/1 superconductors, magnetic flux
will enter the sample, but the flux distribution will be
affected by the attraction interaction between the flux
lines[8]. Most superconductors belong to type II. Only
a few are reported to be type I, and most of them are
elementary metals with lower Tc[9]. Nevertheless, a few
binary and ternary compounds are found to be type I,
for example, ScGa3[10], Al6Re[11], PdTe2[12], BeAu[13],
Rh2Ga9[14], and LiPd2Ge[15]. Interestingly, some type-I
superconductors will become type II/1 at low temper-
atures, accompanied by an enhanced surface supercon-
ducting state[16, 17].
Here, we report our study on the superconductivity
in NbGe2 which crystallizes in a noncentrosymmetric
hexagonal structure. While the superconductivity in
NbGe2 was first discovered back in 1978[18], the interest
in it has been revived since a report on a possible con-
nection with its topological band structure in 2018[19].
In this paper, we performed systematic measurements
of resistivity, magnetization and specific heat of single
crystalline NbGe2. Our study shows that it is a type-I
superconductor with a crossover from type-I to type-II/1
superconductivity at low temperatures. An extremely
high surface superconducting critical field (Hc3) is found,
which implies the unconventional nature of superconduc-
tivity, possibly related to its noncentrosymmetric struc-
ture and topological properties.
II. EXPERIMENTAL DETAILS
NbGe2 single crystals were synthesized by a two-step
vapor transport technique using iodine as the transport
agent. High-purity niobium (99.99%, Alfa), and germa-
nium (99.99%, Alfa) powders were taken in a stoichio-
metric ratio and mixed in a glove box under argon at-
mosphere (the percentage of H2O and O2 < 0.1 ppm).
The mixture was pressed into a pellet, sealed in an evac-
uated quatrz tube and then pre-synthesized at 1073K
2for 3 days. The resultant pellet was ground into pow-
ders and mixed with 100mg of iodine in a sealed quartz
tube. Finally, the tube was placed in a two-zone fur-
nace at 1073K with a temperature gradient of 6K/cm
for 7 days. Single crystals with a typical shape of hexag-
onal pyramid were obtained after ultrasonic cleaning in
ethanol.
Powder x-ray diffraction (XRD) measurements at
room temperature were carried out on a PANalyt-
ical X-ray diffactometer (Model EMPYREAN) with
a monochromatic CuKα1 radiation and a graphite
monochromator. Lattice parameters were derived by Ri-
etveld refinement using the program GSAS. The elec-
trical resistivity and the specific heat was measured in
QuantumDesign physical property measurement systems
(PPMS-9 and PPMS-14). A four-probe method was used
for the resistivity measurements. The surface of the
sample was polished before making electrical contacts,
and then the gold wires were contacted to the sample
by spot welding. The dc magnetization was measured
on a Quantum Design magnetic property measurement
system (MPMS3) equipped with a 3He cryostat. The
electronic band structure and density of states (DOS)
were calculated using density functional theory employ-
ing plane-wave basis projected augmented wave (PAW)
method as implemented in Vienna ab initio Simulation
Package (VASP)[20, 21]. After convergence tests and full
structure optimization, the lattice constants and internal
atomic positions from calculation can be well compared
with experimental values within 1% errorbar with an en-
ergy cut-off of 520 eV and a 15×15×9 Γ-centered k-point
mesh, which is sufficient to converge the total energy to
1 meV/atom.
III. RESULTS AND DISCUSSION
The XRD patterns of a NbGe2 single crystal at room
temperture are shown in Fig.1(a). Only sharp (003) and
(006) peaks can be observed, which indicates a uniform
c-axis orientation perpendicular to the plane of the single
crystal. The inset of Fig. 1(a) shows a photograph of a
typical single-crystalline sample, which naturally grows
into a hexagonal pyramid shape with a typical size of
1 × 1 × 1 mm3. The powder XRD patterns of ground
NbGe2 single crystals are displayed in Fig. 1(b). All the
patterns can be well indexed with the hexagonal struc-
ture with the space group P6222 (No.180). The refined
lattice parameters are a = 5.002 A˚, c = 6.834 A˚ and
Rwp = 14.8%. The refined atomic positions are summa-
rized in Table I. The schematic view of NbGe2 lattice is
shown in Fig. 1(c). The Ge atoms in the top and bottom
layers form a honeycomb lattice, each centered by a Nb
atom, and the middle two layers are alternately arranged
by Nb atoms and Ge atoms. The difference between the
middle two layers breaks the inversion symmetry. We
FIG. 1. (Color online) (a) XRD patterns of a NbGe2 single
crystal. The inset shows the typical single crystals used in our
study. (b) Powder XRD patterns of NbGe2 single crystals. (c)
The crystal structure of NbGe2, which forms in the hexagonal
space group P6222 (No.180) with unit cell parameters 5.002
A˚ and c = 6.834 A˚, and its mirror image.
also note that the structure does not overlap with its
mirror image, indicating that its structure is also chiral.
The dc susceptibility data measured under a magnetic
field of 20 Oe (H//c) in both zero-field-cooled (ZFC) and
field-cooled (FC) modes are shown in the Fig. 2(a). χeff
has been corrected by employing the formula: 4πχeff =
3TABLE I. Refined atomic positions for NbGe2 with the space
group P6222 (No.180) and lattice parameters a = 5.002 A˚,
c = 6.834 A˚.
Atom Site X Y Z Uiso
Nb 3d 0.500 0.000 0.500 0.00934
Ge 6j 0.165 0.330 0.500 0.0123
4πχ/(1 − Nχ), where N is the demagnetization factor
and it is about 0.33 in our case[22]. Superconductivity is
observed below the onset point of the diamagnetization
signal, i.e., T onsetc = 2.0 K. The superconducting volume
fraction estimated from the ZFC data slightly exceeds
100%, indicating a good sample quality. Meanwhile,
the relatively small difference between the ZFC and FC
curves shows a very small contribution from magnetic
vortices, indicating type-I superconductivity[10][11].
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FIG. 2. (Color online) (a) Temperature dependence of the
corrected dc susceptibility χeff (T ) in ZFC and FC mode
shows the superconductivity at T onsetc = 2.0 K in NbGe2.
(b) Magnetization M(H) curves at various temperatures.
The isothermal magnetization 4πM(H) of NbGe2 in
the temperature range 1.8 ∼ 0.4 K is displayed in Fig.
2(b). We can also get the demagnetization factor N from
the initial slope −d(4πM)/d(H) = 1/(1 − N). The ob-
tained N value is 0.34, which is consistent with the value
evaluated based on the sample shape. At higher temper-
atures, e.g., T = 1.6 and 1.8 K, the M(H) curve exhibits
standard type-I behavior: a sharp transition from the
Meissner state to the normal state. For T < 0.4 K, the
rounding of theM(H) curves is due to the effect of the de-
magnetization factor[13]. We notice that in the interme-
diate state the M(H) curve gradually deviates from lin-
earity, and a tail appears when magnetization approaches
zero. These characteristics are consistent with the re-
ported type-II/1 superconductivity [16][17]. In the type-
II/1 superconductivity, the appearance of the small tail
inM(H) is due to the entry of magnetic flux, which leads
to a mixed state. In this case, there is a crossover from
type-I to type-II/1, as temperature decreases. In the
type-II/1 superconducting state, there is an attractive
interaction between the flux lines[8]. As a consequence,
a Meissner-mixed phase separation state, so called inter-
mediate mixed (IM) state, is realized between the Meiss-
ner and usual mixed states[23]. Such behavior is also
observed in several other type-I superconductors[16][17].
We can define Hc by extending the linear part of the
curve to M = 0 and define Hc2 as the point where the
M reaches 0, as shown in Fig. 2(b).
Fig. 3(a) shows the temperature dependence of resis-
tivity from 0.5 K to 300 K. The high quality of the sam-
ple is clearly demonstrated by the large ratio of room-
temperature resistance to residual resistance (RRR =
ρ(300 K)/ρ(2.2 K)) , which is up to 970, much higher
than that in earlier report (around 100)[18]. The in-
set of Fig. 3(a) shows the superconducting transition
around T onsetc = 2.1K, which is consistent with the
previous reports[18]. In the high temperature region
(T > 100 K), the large room temperature resistivity
and a slight negative curvature (d2ρ/dT 2 < 0) was ob-
served. Similar behavior has been observed in Nb3Sn[24]
and was interpreted using a parallel resistor model[25].
The saturation in resistivity at high temperatures usu-
ally happens when the mean free path is comparable to
the inter-atomic spacing. In general, the parallel-resistor
model can be written as 1ρ(T ) =
1
ρ1(T )
+ 1ρsat , where
ρsat is the temperature-independent saturation resistiv-
ity, and ρ1(T ) is the ideal temperature-dependent resis-
tivity dominated by electron-phonon scattering: ρ1(T ) =
ρ0+A(
T
ΘR
)5
∫ ΘR
T
0
x5dx
(exp(x)−1)(1−exp(−x)) , where ρ0 denotes
residual resistivity, which comes from impurities and dis-
order, and the second term is the generalized Bloch-
Gru¨neisen expression. A fitting employing this model
is shown in Fig. 3(a), which yields residual resistivity
ρ0 = 0.085(0.004) µΩ cm, ρsat = 325.1(3) µΩ cm, De-
bye temperature ΘR = 335(3) K, A = 490.4(4) µΩ cm.
The Debye temperature derived from the resistivity is
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FIG. 3. (Color online) (a) Temperature dependence of the
electrical resistivity. The red dashed line is a fitting curve of
the parallel-resistor model. Inset is an enlarged view of the su-
perconducting transition in NbGe2. (b) The low-temperature
resistivity (down to 0.1 K) under various magnetic fields.
comparable with that derived from the specific heat,
ΘD = 298 K (see below). The saturation resistivity value
is close to that reported in other compounds[24], and we
can estimate the mean free path lsat = 1.27×104×[ρsat×
(n2/3 ×S/SF )]−1 = 0.2 nm[26], which is on the same or-
der of magnitude with inter-atomic spacing.
The low-temperature resistivity measured under vari-
ous magnetic fields is shown in Fig. 3(b). The application
of a magnetic field suppresses Tc rapidly, but signatures
of surviving superconductivity persists up to a field of
1300 Oe, far exceeding the critical field obtained in both
the magnetization and specific heat measurements. Since
the resistivity is easily dominated by the surface super-
conducting states, the above observations may be related
to the contribution from the surface superconductivity,
which will be discussed in more details later.
Fig. 4(a) shows the low temperature specific heat
data measured under zero field. The plot of C/T vs
T 2 is shown in the inset of Fig. 4(a). A jump around
Tc = 2.0K, in agreement with the observations in the
magnetic susceptibility and resistivity, confirms the bulk
superconductivity in NbGe2. The normal state specific-
heat data above Tc consists of both electron and phonon
contributions given by C/T = γn + βT
2, where γn is the
Sommerfeld coefficient and β represents the phonon con-
tributions. The red dashed line is the best fit to the data
with γn = 7.35 mJ/mol K
2, β = 0.22 mJ/mol K4 (see
the inset in Fig. 4(a)). The Debye model is then used
with the β value in the equation ΘD = (12π
4NR/5β)1/3
to calculate the Debye temperature ΘD, where n = 3
and R is the gas constant R = 8.31 J/mol K. The re-
sultant Debye temperature ΘD is 298K. With ΘD and
Tc, the electron-phonon coupling constant λep can then
be calculated using the inverted McMillan equation[27]
λep =
1.04+µ∗ln(
ΘD
1.45Tc
)
(1−0.62µ∗)ln( ΘD1.45Tc )−1.04
, where µ∗ is the Coulomb
pseudopotential and an empirical value of 0.13 is used,
and Tc = 2 K. It yields λep = 0.51, suggesting this mate-
rial is a weak coupling superconductor. The DOS at the
Fermi level, NEf , is estimated to be 2.08 states/(eV f.u.)
using the relation NEf =
3γn
pi2k2
B
(1+λep)
.
The electronic contribution (Cel) to the specific heat
determined by subtracting the phononic contribution
from the measured specific heat data, Cel = C − βT 3,
is shown in the main panel of Fig. 4(a). The value for
the specific heat jump, ∆CelγnTc , was found to be 1.22, which
is slightly lower than the value for a BCS isotropic gap
superconductor (1.43). This indicates weakly-coupled
superconductivity in NbGe2, which is basically consis-
tent with the value of λep obtained above. The tem-
perature dependence of the specific heat in the su-
perconducting state for a single BCS gap can be ob-
tained from the normalized entropy S(T ) written as:
S(T ) = − 6γnpi2kB
∫∞
0
[flnf+(1−f)ln(1−f)]dǫ, where f =
(e
E(ǫ)
kBT +1)−1 is the Fermi function, E(ǫ) =
√
ǫ2 +∆2(T )
is the excitation energy of quasiparticles, where ǫ is
the electron energy measured relative to the chemical
potential[28, 29], and ∆(T ) is the temperature depen-
dent gap function, which in the BCS s-wave model can
be approximated as: ∆s(T ) = ∆0tanh[1.82[1.018(Tc/T−
1)]0.51], where ∆0 is the superconducting gap at zero
temperature. The electronic specific heat is calculated
by: Cel = T
dS
dT . Fitting the specific-heat data using
this model as shown by the solid red line in Fig. 4(a)
yields α = ∆0/kBTc = 1.58, which is less than the BCS
value α = 1.76 in the weak-coupling limit. Moreover,
we note that the low-temperature heat capacity slightly
deviates from the universal BCS s-wave model. This is
likely due to the inhomogeneity of the sample which leads
to the broadening of the superconducting transition[11],
and another possible reason is that there may be a tiny
50.0 0.5 1.0 1.5 2.0 2.5
0
5
10
15
20
25
30
35
 
 
C
el
 (m
J/
m
ol
 K
)
T (K)
 S-wave model
H = 0 Oe
0 2 4 6 8 10 12 14 160
4
8
12
16
20
C
/T
 (m
J/
m
ol
 K
2 )
T2 (K2)
C/T = n+ T
2
(a)
 0 Oe
 10
 40
 90
 140
 190
 240
 290
 1000
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
0
10
20
30
40
50
 
 
C
 (m
J/
m
ol
 K
)
T (K)
(b)
FIG. 4. (Color online) (a) Temperature dependence of elec-
tronic specific-heat and the fitting with a BCS s-wave model.
Inset: C/T versus T 2. (b) Specific heat as a function of tem-
perature under various magnetic fields.
non-superconducting impurity phase.
Based on the Sommerfeld coefficient extracted from
the specific heat data, it is possible to estimate the Lon-
don penetration depth λL(0), and the coherence length
ξ(0)[26]. Since NbGe2 has three formula unit per unit
cell, the conduction electron density n is assumed to
be four electrons contributed by Nb. Thus n = 12/V ,
where V is the volume of the unit cell, and we ob-
tain n = 8 × 1022 cm−3. If a spherical Fermi surface
(S/SF = 1) is assumed for this compound, the Lon-
don penetration depth is given as λL(0) = 1.33× 108 ×
γ1/2 × (n2/3S/SF )−1 = 35.8 nm. Meanwhile, the co-
herence length is determined by using the BCS relation
ξ(0) = 7.95× 10−17× (n2/3S/SF )× (γT−1c ) = 295.9 nm.
The mean free path ltr is estimated as ltr = 1.27× 104×
[ρ0 × (n2/3 × S/SF )]−1 = 804.7 nm, where ρ0 is the
low-temperature normal state resistivity (0.085 µΩ cm
at 2.5 K). It clearly indicates that the electronic mean
free path is considerably larger than the BCS coher-
ence length, and thus the clean limit is applied to this
compound to get the GL parameter. The GL parame-
ter κGL = 0.957λL(0)/ξ(0) = 0.12, which is obviously
smaller than 1√
2
, further confirming that NbGe2 is a
type-I superconductor.
The specific heat data under magnetic fields are
shown in Fig. 4(b). A sharp peak is observed un-
der a small magnetic field of 10 Oe , which signifies
a crossover from second to first-order phase transition.
The similar phenomena has been observed in many type-
I superconductors[10, 11], as a typical feature of type-
I superconductivity. When the magnetic field gradually
increases to 50 Oe, the peak magnitude also gradually in-
creases. Upon further increasing the magnetic field, the
height of the peak decreases and the peak width broad-
ens. Far below the transition temperature, the specific
heat does not change much with the magnetic field, im-
plying negligible contributions from the magnetic vor-
tices.
The H − T phase diagram is shown in Fig. 5. Hc
is determined by extrapolating the linear part of M(H)
curves to M = 0 as shown in Fig. 2(b). Hc2 is deter-
mined by the actual zero point of M = 0 in the M(H)
curves, and also by the specific heat. The Hc2 values
from different methods are consistent with each other, as
shown in Fig. 5. We also define Hc3 as the onset point
T onsetc in resistivity. Hc can be well fitted by the thermo-
dynamic critical field formula:H(T ) = Hc(0)(1 − ( TTc )
2),
which gives Hc(0) = 223 Oe. The temperature depen-
dence of Hc2(T ) was analyzed by means of Ginzburg-
Landau (GL) model: H(T ) = Hc2(0)
(1−( T
Tc
)2)
(1+( T
Tc
)2)
, which
gives Hc2(0) = 360 Oe. The curve of Hc3(T ) has a turn-
ing temperature T ∗ (shown by the arrow in Fig. 5). Be-
low T ∗, the curve shows an abnormal divergence at low
temperature, and there is no sign of saturation. Mean-
while, we note that by defining Tc as the midpoint of the
resistivity transition, the main features maintains (shown
as blue triangle and purple cubic in the Fig. 5). T ∗ might
be related to the crossover from type-I to type-II/1 su-
perconductivity, similar to those found in other type-I
compounds[16]. If we use linear fitting of low tempera-
ture data, we can get an roughly Hc3(0) value equal to
2300 Oe.
In the clean limit, superconductivity is known to
persist in the surface up to the surface critical field
Hc3 ∼ 1.7Hc2, and it is so called standard Saint-James-
de Gennes surface state[30][31]. In our case, the ratio
of Hc3/Hc2 equal to 6.4, much larger than 1.7. We
notice that in other type-II/1 superconductors, such as
the centrosymmetric ZrB12, the ratio of Hc3/Hc2 equals
to 1.8, which is very close to the theoretical value[17].
While in another noncentrosymmetric type-II/1 super-
conductor LaRhSi3, Hc3/Hc2 = 6.7, again much larger
than the theoretical value[16]. We can see that both
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FIG. 5. (Color online) The H − T phase diagram of the
superconductivity of NbGe2. Hc is estimated by extrapo-
lating the linear part of M(H) curves to M = 0, which is
fitted by the thermodynamic critical field formula:H(T ) =
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)2) (green dashed line). Hc2(T ) is obtained
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or by the specific heat, which is fitted by the GL formula:
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)2)
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(blue dashed line). Hc3 is defined as
the onset point T onsetc in resistivity, and Hc3(0) is estimated
by linear fitting (red dashed line).
NbGe2 and LaRhSi3 have an NCS structure, and this
high ratio of Hc3/Hc2 seems related to the NCS struc-
ture. Indeed, in the NCS structure, the ASOC leads to
the surface superconductivity, which has been proposed
by the theoretical studies[32][33]. There is also an alter-
native explanation, i.e., the existence of topological sur-
face states may also enhance the superconducting pairing
in the surface states[12][34]. For example, in the Dirac
semi-metal PdTe2, it was found that the surface super-
conducting critical field is much higher than the bulk[12].
It has been predicted theoretically that NbGe2 can host
Kramer-Weyl nodes near the Fermi level[19]. It is inter-
esting to further explore whether the enhanced surafce
critical field is related to the topological surface states.
To further understand the properties of superconduct-
ing states of NbGe2, density functional calculations of
the electronic band structure with SOC were performed,
and the results are displayed in Fig. 6(a). Near the
Fermi level, the DOS is dominated by the Nb d elec-
trons, and the value equals to 5.64 states/(eV cell) (=
1.88 states/(eV f.u.)), which is comparable to the ex-
perimental value estimated based on the specific heat
data. We can also get the band structure value of
the Sommerfeld coefficient from the density of states
γband = 4.4 mJ/mol K
2, and the electron-phonon cou-
pling constant λep derived from the comparison of γband
to the measured γn, λep =
γn
γband
− 1 = 0.65, which is
comparable to our previous estimated value based on the
FIG. 6. (Color online) (a) The calculated DOS with SOC
of NbGe2. (b) Calculated electronic band structure within
±0.5 eV from the Fermi energy level and Kramer-Weyl nodes
denoted by the black rectangles.
McMillan equation. The finite DOS at a Fermi level
also indicates the metallic ground state, supported by
the electrical resistivity data. The electronic band struc-
ture calculated with (SOC) is shown in Fig. 6(b). The
band splitting due to the ASOC is about ∼40 meV,
which corresponds to a moderately large ASOC effect
compared to other reported NCS superconductors[1][35].
The Kramers-Weyl nodes can be found at the time re-
versal invariant points (shown in the black rectangle in
the Fig. 6(b)), which is consistent with the previously re-
ported band structure[19]. Some of them are very close to
the Fermi level, like the nodes near the M point. Mean-
while, the superconducting state is mainly contributed by
the states near the Fermi level. If these Kramers-Weyl
femions participate in the transport properties, it may
have a significant effect on the superconducting state.
In order to obtain more reliable estimation of the
GL parameter, we should consider the anisotropy of the
Fermi velocity in the calculations[15]. The anisotropic
Fermi velocity can be obtained from the band struc-
ture, and it ranges from 1.55 × 106 m/s to 6.95 × 106
7m/s, hence we can get the BCS coherence length ξ(0) ∼=
0.180 ~vFkBTc
∼= 1.1 × 104 − 5.0 × 104 A˚. London penetra-
tion depth λL(0) is calculated as λL(0) =
√
3
µ0e2v2FNEf
,
and we obtained λL(0) ∼= 28 − 126 A˚. We determined
the mean free path using the following equation [36]
l = 2.372 × 10−14
m∗
me
2
V 2M
N2
Ef
ρ
, where VM is the molar vol-
ume, ρ is low-temperature normal state resistivity, and
NEf is the density of states at the Fermi level. Assuming
thatm
∗
me
= 1, we obtain l = 6.74× 103 A˚, which is much
smaller than the BCS coherence length ξ(0), and thus the
dirty limit is applied to this compound to get the GL pa-
rameter κGL = 0.72λL(0)/l(0) ∼= 3.0×10−3−1.3×10−2.
This value of GL parameter is even smaller than the value
calculated based on the spherical Fermi surface, further
supporting the type-I superconductivity in NbGe2.
IV. CONCLUSION
In summary, we have synthesized NbGe2 single crystals
with high quality. Based on the resistivity, magnetization
and specific heat measurements, NbGe2 is characterized
as a type-I BCS superconductor, and there is a crossover
from type-I to type-II/1 superconductivity upon decreas-
ing temperature. A surface superconducting critical field
(Hc3) much larger than the bulk one is discovered and
we propose that both the noncentrosymmetric structure
and the topological state may be responsible for such be-
havior. NbGe2 provides a rare example to explore the
possible interplay of type-I superconductivity, noncen-
trosymmetric structure and topological surface states.
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